Zn (1-x) Ni x Al 2 O 4 (x = 0.0-1.0) spinels were prepared at 800 °C by co-precipitation method and characterized by infrared spectroscopy, X-ray diffraction, scanning electron microscopy and X-ray photoelectron spectroscopy. The specific surface area was determined by BET. SEM image showed nano sized spherical particles. XPS confirmed the valence states of the metals, showing moderate Lewis character for the surface of materials. The powders were successfully used as new heterogeneous catalysts of Biginelli's reaction, a one-pot threecomponent reaction, leading to some dihydropyrimidinones (DHPMs). These new catalysts that produced good yields of DHPMs, were easily recovered by simple filtration and subsequently reused with persistent activity, and they are non-toxic and environmentally friendly. The optimum amount of catalyst is 20% by weight of benzaldehyde derivatives, while the doping amount has been found optimal for x = 0.1.
Introduction
Spinels are ternary oxides with the general formula AB 2 O 4 , where A and B are cations occupying tetrahedral and octahedral sites respectively. 1 The lattice belongs to the space group Fd3m (number 227 in the international table). 2, 3 This distribution of cations is not always the most thermodynamically stable, since A and B cations may exchange interstices via diffusion, eventually leading to inverted spinel, where all the A cations occupy the octahedral interstices. 4 Mixed oxides have interesting properties: they are widely used as ceramic pigments, magnetic devices, refractory materials and sensors, and in particular, as catalytic material (or catalyst support).
5-9 they also present optical and dielectric properties. For example, zinc aluminate ZnAl 2 O 4 efficiently catalyses many chemical reactions, such as dehydration, hydrogenation and is used in the synthesis of fine chemicals. [10] [11] [12] Oxides spinels are usually synthesized by solid state reaction at high temperature, 14, 15 sol gel, coprecipitation and hydrothermal methods are also used to prepare spinels at low temperature. [16] [17] [18] [19] The coprecipitation method is reproducible, permits good stoichiometric control, and produces pure nano sized powders with high surface area. For these reasons, it becomes the most attractive technic. However, solid state method suffers from the lack of homogeneity of particles, the difficulty of stoichiometry control, implies high temperature, and produces materials with low surface area. The Biginelli's reaction is a one pot condensation of an aldehyde, a β-keto ester and urea (or thiourea) under strong acid conditions, producing dihydropyrimidinones (DHPMs).
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Recently, DHPMs received great interest because of their potential antiviral, antimitotic, anticarcinogenic, and antihypertensive (calcium channel modulators) properties. [21] [22] [23] [24] [25] However, this reaction suffers from low yields, relatively long reaction times, and some procedures require harmful and toxic solvents. 26 For these reasons, several attempts were undertaken to find alternative environmentally friendly synthesis routes. Indeed, some approaches have been developed using solvent free conditions, but the most attractive was the one which used microwave radiations and heterogeneous catalysts.
27,28 A wide variety of catalysts have been reported for Biginelli's reaction, in particular Lewis acids catalysis, such as NiCl 2 ·6H 2 O, FeCl 3 ·6H 2 O, In(III)-halides, ZrCl 4 , lanthanide halides such as LaCl 3 ·7H 2 O, and CeCl 3 ·7H 2 O, but they were not reusable and recoverable after the end of the reaction. [29] [30] [31] [32] [33] Other expensive catalysts such as polystyrene-poly(ethylene glycol) (PS-PEG), covalently anchored sulfonic acid onto silica, and Al 2 O 3 /CH 3 SO 3 H, implying relatively long reaction times, were also used. [34] [35] [36] Metal triflates, such as Zn(OTf) 2 , Bi(OTf) 3 , or lanthanide triflates as Yb(OTf) 3 , nano crystalline copper (II) oxide, and alumina supported MoO 3 , were also reported, but, to our knowledge, no investigation on mixed oxides like spinels has been reported as catalysts of Biginelli's reaction. Ni x Al 2 O 4 (x = 0.0-1.0) type spinel, prepared by the coprecipitation method. The cristallinity and morphology were studied by X-ray diffraction (XRD), Fourier transform infrared spectra (FTIR), and scanning electron microscopy (SEM). The specific surface area was measured by BET technic and the surface state was investigated by X-ray photoelectron spectroscopy (XPS). The prepared powders were successfully used as catalysts of multicomponent Biginelli's reaction. We will present the effect of nickel (doping agent) content and the proportion of catalyst relative to benzaldehyde, on yields and time reaction, in relation to the surface structure and the catalyst composition. This work offers a new recoverable cheap heterogeneous catalyst, giving DHPMs with good yields, and relatively short time reaction. The catalyst was reusable up to five cycles and did not imply the use of toxic solvents.
Experimental
Catalyst Preparation. Zinc nitrate (1.4 g, Biochem 98%), nickel nitrate (0.15 g, Panreac 98.12%) and aluminium nitrate (3.8 g, Biochem 98%) were dissolved in distilled water and magnetically stirred for 15 minutes. The obtained solution was diluted and stirred again for 15 minutes. Then, a solution of 24% ammonia was slowly added until the solution became neutral and a chelate was formed. The resulting precipitate was filtered and heated in air, at 110 °C for 24 h. The obtained powders were ground and calcined at 400 °C for 8 h, in order to remove the nitrates, then at 600 °C and 800 °C, respectively, for 5 h until the formation of green fine powders.
Catalyst Characterization. The X-ray diffraction characterization was carried out at room temperature, with the Cu K α monochromatic radiation (λ = 1.54056 Å) of a D8 Advance Bruker AXS diffractometer, operating at the accelerating voltage of 40 kV and filament current of 40 mA. Data were collected between 10° and 90° at 0.04°/step for a counting time of 5s. Data were analyzed using JCPDS standards and the resulting patterns were indexed by comparison with standard XRD patterns. Infrared spectra of samples, shaped as KBr pellets, were recorded in the range 400-4000 cm −1 , using a SHIMADZU 8400 spectrometer. Morphology and grain size of the powders were observed by ZEISS EVO40 scanning electron microscope (SEM) model, using an acceleration voltage of 20 KV. The surface area measurement of the powders was performed using a Tristar 300 equipment, after outgassing all the powders at 350 °C for 2 hours, using N 2 as the adsorption/desorption gas at 77 K. XPS measurements were performed on a Kratos 300 spectrometer equipped with a monochromatic Mg Kα source (1253.6 eV). The samples were out gassed under vacuum at 10 -8 torr for several hours (12 h) before the analysis. All the spectra were calibrated in binding energy with reference to the C 1s peak of contamination fixed at 284.6 eV. 42 The photoemission peaks were fitted with mixed GaussianLorentzian functions using a home-developed least squares curve-fitting program (Winspec). Shirley background subtraction were used for all the spectra. 43 The surface atomic composition was calculated by the integration of the peak areas on the basis of the scofield's sensitivity factors. 44 We also chose the C1s peak of contamination as internal reference to calculate the atomic composition (in at %) according to Eq. (1). (1) Where N is the experimentally determined peak intensity of X and carbon C subshell atoms affected by the photoionization, σ is the sensitive factor and λ is the mean free path of photoelectron in the sample.
As suggested for inorganic solids and binding energies below 1100 eV, we took λ ~ Ec 0,75 where E c is the kinetic energy of electron ejected from the k th shell of an atom atthe surface.
The 1 H NMR spectra of DHPMs were taken on a Bruker (500 MHz) instrument in DMSO-d 6 , using hexamethyldisiloxane (HMDS) as an internal standard. Chemical shifts are reported in δ values (ppm) relative to internal HMDS. The abbreviations s = singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet, and b = broad, were used throughout. Elemental analysis (C, H, N, S) were performed on a Carlo-Erba EA 1108-elemental analyser and were within 0.4% of theoretical values. All reactions were routinely checked by TLC on silica gel (Merck 60F 254).The melting points were recorded on a banc Kofler, and are uncorrected.
General Procedure for the Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones/thiones. In a 50 mL flask, the mixture of aldehyde (5 mmol), ethyl acetoacetate (5 mmol), urea/thiourea (10 mmol) and Zn91 (20% w/aldehyde) in ethanol (10 mL) was stirred and refluxed for an appropriate time. After the end of reaction, the product was isolated by evaporating the solvent. Recrystallization from ethanol yields pure dihydropyrimidinones (thiones). The recovered catalyst was dried in an oven at 200 °C for 24 hours, and reused in subsequent reactions. 5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2-(1H)-one (4c). Yield: 74%; mp 218-220 Results and Discussion XRD Characterization. Figure 1(a) shows the powder Xray diffraction patterns of Zn (1-x) Ni x Al 2 O 4 (x = 0.0-1.0) obtained by calcination at 800 °C. The samples were essentially pure and revealed a single phase spinel type, except for x = 1 for which a secondary phase was observed.
The diffraction peaks of all samples are in accordance with the standard JCPDF card of ZnAl 2 O 4 .
45-47 They can be indexed as (220), (311), (400), (331), (422), (511), (440), (620) and (533) diffraction lines. Nevertheless, the peaks appearing at 2θ = 43.18°, 62.85°, 75.17°, and 79.14°, indexed as (200), (220), (311), and (222) diffraction lines, can be easily attributed to the face-centred cubic (FCC) crystalline structure of NiO (JCPDS, No. 04-0835). We note that the peak (111) was not observed because it was too weak and was covered by the most intense peak of spinel NiAl 2 O 4 .
In other hand, the powder X-ray patterns of the precursor (x = 0.1), annealed at different temperatures (400 °C, 600°C
, and 800 °C) for 5 h (Figure 1(b) ) showed that the spinel structure begun to appear at relatively low temperature (400°C ). Then, the diffraction peaks progressively increased, particularly at 800 °C, indicating that the monophasic cubic spinel (Fd3m) became well crystalline.
Cell parameters were calculated by cell parameters refinement program (CELREF V3) in the 2θ range of 10-90°, and they are reported in Table 1 . In general, the lattice para- meters decrease with increasing of the nickel content. This variation can be attributed to the relatively smaller ionic radius of nickel with respect to zinc (0.74 and 0.69 Å respectively).
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The crystallite size d XRD was calculated using Sherrer's equation from the XRD lines broadening using Eq. (2).
(2)
Where β is the full-width at half-maximum (FWHM), K is the Scherrer crystal shape factor, generally close to unity (~0.9), λ is the wavelength of the X-ray source and θ is the Bragg's angle. The most intense peak (311) was used to calculate the crystallite size (d XRD ) and the results are reported in Table 1 .
Infrared Spectroscopy (FTIR). Figure 2 reports the IR spectra of Zn (1-x) Ni x Al 2 O 4 (x = 0.0-1.0). Some bands are common to the different contents of Ni. The band centered at about 3400 cm −1 can be attributed to the O-H longitudinal vibration of water, and the bands around 1650 cm −1 to the bending vibration of H-O-H. These bands are still present at high temperature; indicating that the adsorption phenomenon is very important on these types of oxides, which is probably related to the high surface areas of the material. The bands observed below 800 cm −1 can be assigned to the metal-oxide groups. 50 The most important bands are around 690 cm −1 and 545 cm −1
, can be related to bonds of the internal tetrahedral and octahedral sites of the spinel structure. The broadening of these bands can be assigned to the presence of more than one type of cation in the site.
Scanning Electron Microscopy (SEM). The SEM images (Figure 3(a) and 3(b) ), for x = 0.2 and 0.8, respectively indicated that the morphology of the particles was homogenous and presented quasi-spherical grains with a nano metric scale. The nanoparticles sizes were estimated between 30 and 60 nm. These values were relatively different from those calculated from DRX (Table 1) , mainly for the composition x = 0.8. This deviation proved that the particles are more agglomerated at the surface.
BET Measurement. The BET surface area (S BET ) and the most frequent pore volume (Vp) were estimated by the BET method. 51 The results are reported in Table 2 . The S BET values are very interesting, suggesting that this type of spinel could be used as catalysts in several reactions. On the one hand, S BET firstly decreases (from x = 0 to 0.1), then increases (from x = 0.1 to 0.6), and decreases again for x = 0.8. Finally, they increases with a maximum value equal to 74.172 m 2 / g for x = 1. On the other hand, V p increases (from x = 0 to 0.2), then decreases (from x = 0.1 to x = 0.8) and finally increases for x = 1. This irregular profile of variation of S BET and Vp can be related to the powder agglomeration. Indeed, compared to the powders of submicron size, nanosized powders have a greater surface/volume ratio ( Table 2 ). In order to minimize the total interfacial energy of the system, the particles are capable of forming Van Der Waals links between each other's. The Van der Waals attractions then cause the formation of agglomerates or aggregates. For this, most of the nano crystalline powders are not composed only of a nano scale particles (crystallites), formed by an individual crystal. But, the crystallites are connected together to form larger units known as agglomerates and aggregates.
The average diameter of crystallites (d BET ), assumed to be spherical (Table 2) , was also calculated using Eq. ). They are generally in agreement with the size observed by scanning electron microscopy (SEM). The average particle sizes found by chemisorption are systematically higher than the corresponding diameters estimated from XRD data.
XPS Analysis. The elemental composition of the surface of Zn (1-x) Ni x Al 2 O 4 powders, annealed at 800 °C (x = 0.2, 0.8), can be observed from the survey XPS spectrum with a scan range from 0 to 1200 eV ( Figure 4 ). All spectra were calibrated by reference to the C1s signal at 284.6 eV.
The percentages of the elements at the surface of samples (at %) for x = 0.2, 0.8 and the binding energies of their respective regions are summarized in Table 3 .
It may be due, firstly, to the substitution of only a portion of zinc atoms by nickel, thus a deficiency in the structure can be envisaged; secondly, perhaps the nickel atoms are surrounded by high number of oxygen ions, so they can not easily migrate toward the surface. The XPS is normally used to investigate the state of the material surface, the nature of bonding (e.g. ionicity/covalency) and acid-base proprieties of oxides. So, it is reported hereafter the study of the most important peaks of the elements present at the surface (x = 0.2 and 0.8) mainly C1s, O1s, Zn2p and Al2p.
It is important to note that the carbon content is quite significant, particularly for x = 0.8. In general, carbon impurities have two origins: it may be introduced during the steps of sample preparation and by the adsorption of hydrocarbons inside the electron spectrometer.
As an example, Figure 5 (a) shows the C 1s core level spectra for the composition x = 0.2 and confirm this suggestion. Indeed, the spectra exhibits two features with different intensities: the most intense line at 284.61 eV is assigned to the carbon of natural contamination, 42 and the second larger one, located at 288.7 eV, is probably due to the CO 2 molecules adsorbed on the surface molecule. 52 It is very relevant to note the complete absence of the peak at ~286 eV, which characterizes the hydrocarbon organic molecules, and the peaks at ~282 eV, ~290 eV and 291.4 eV which excludes the formation of metal carbides and carbonate. The entire observed peaks can easily attributed to Al 3+ linked to oxygen. 53, 54 Those at 73.6 and 73.5 eV can be assigned to the bonds Al-O in oxides spinel, 55 the others, Table 2 . The results of the BET measurements: the surface area (SBET), the pore volume (Vp) and the pore size (dBET) (x = 0-1.0) 
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The Zn 2p core level spectrum is characterized by two components appearing due to the spin-orbit splitting between Zn 2p 3/2 and Zn 2p 1/2 . The observed value of the spin-orbit splitting for the composition x = 0.2 is 22.86 eV (Fig. 5(c) ). Since the Zn 2p 3/2 is the most intense, it can give more information on the chemical state of zinc. Indeed, the Zn 2p 3/2 peaks of the respective samples are decomposed in two overlapping principal peaks ( Figure 5 In mixed oxides, the O 1s region is the most interesting to study, since the oxygen element binds with all the atoms in the material and can give more information. Therefore, the XPS spectra of O1s line related to the compositions x = 0.2 and 0.8 can be decomposed into four peaks (Fig. 5(e) ). The two higher binding energies (at 532.12 and 533.81 eV for x = 0.2 and 532.61 and 534 eV for x = 0.8) are consistent with oxygen of organic compounds and adsorbed water respectively. 58, 59 The other lower binding energies (530.08 and 530.85 eV for x = 0.2 and 529.95 and 531.03 eV for x = 0.8) can be undoubtedly attributed to the oxygen of the lattice.
According to Barr et al., 60 Zn-O and Ni-O bonds have a normal ionic character and Al-O has a semi-covalent one. In the first case, it will be easier to eject the electron from the oxygen core level, so the XPS signal will be observed at lower energies and, in the second one, it will be more difficult to eject it. Therefore, the signal will be observed at higher energies. Consequently, energy values of 529.95 and 530.08 eV can be attributed to the Zn-O and Ni-O bonds and those at 530.85 and 531.08 eV can be assigned to the Al-O bonds. Table 4 presents the percentages of components resulting from the deconvolution of O 1s peak (x = 0.2 and x = 0.8).
We can see that the percentages of oxygen atoms involved in the crystal lattice of the two samples were 67.19% and 73.88% for x = 0.2 and x = 0.8 respectively. It is interesting to point out that the percentage of the component at 531.03 eV is very important (60.1%) for the sample x = 0.8. In our opinion it is due to the occupation of the octahedral sites by Ni 2+ and Al 3+ ions in the spinel structure. Indeed, the nickel aluminate spinel NiAl 2 O 4 is almost inverted with the nickel ions preferentially distributed over the octahedral sites.
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In order to estimate the character of the materials surface, we have excluded all the contaminants, mainly CO 2 and H 2 O. It is clear that the ratio of the sum of fractions of Al (Table 3) , which means that the surface possesses moderate character of a Lewis acid, and pronounced anionic character, which could predicts an interesting catalytic and electrochemical properties for these materials.
Catalytic Activity
The materials described above (Zn (1-x) Ni x Al 2 O 4 ; x = 0.0-1.0), were used to catalyse Biginelli's reaction, to prepare dihydropyrimidinones 4 following the Scheme 1 given bellow. It is a multicomponent reaction, which implies the one pot condensation of an aromatic aldehyde 1, urea or thiourea 2 and ethyl acetoacetate 3. As revealed by XPS analysis, the surface of these materials is constituted by about one third of cations (Zn
2+
, Ni 2+ and Al
3+
) which would make them good catalysts, due to the Lewis acid character and relatively high specific area.
First of all, the reaction was carried out using benzaldehyde, urea and ethyl acetoacetate, as reagents, in the presence of 10% catalyst, with varying x from 0 to 1. The aim is the determination of the value of x giving the optimal yields, associated to the shorter time of reaction.
As shown in Table 5 , the best activity was obtained when 0.1 ≤ x ≤ 0.4, and the most active catalyst (Zn 0.9 Ni 0.1 Al 2 O 4 ) among the series was for x = 0.1, while the pore size was comprised between 29.47 and 52.92 nm. Yields are weaker for the other compositions of catalysts, which could be attributed to the particles agglomeration phenomena and the appearance of secondary phases for greater nickel contents of. The agglomeration of particles could limit the access of reagents to the catalytic sites.
Secondly, the reaction was carried out using the same reagents used above, but in presence of several amounts of the catalyst Zn 0.9 Ni 0.1 Al 2 O 4 , namely 5, 10, 20 and 25% (w/w Benzaldehyde). As shown in Table 6 , the optimal amount of the catalyst was 20% w/w to benzaldehyde, corresponding to 90 of yield and four hours for reaction time.
Finally, the reaction was carried out using several benzaldehyde derivatives, urea or thiourea and ethyl acetoacetate, for which the results are presented in Table 7 , and the By examining the results, we note that, whatever the substituent of the aromatic ring of aldehyde yields were excellent. Thiourea is relatively less reactive than urea. The catalyst was reused five times without significant loss of its catalytic activity which is regenerated by simple heating at 200°C. We can say that the catalyst, submitted to contact of organic chemicals used in the Biginelli's reaction, possesses a good chemical stability and persistent catalytic properties.
Conclusion
Polycrystalline nano sized zinc aluminates doped with nickel in the system Zn (1-x) Ni x Al 2 O 4 (x = 0.0-1.0) were successfully synthesized by co-precipitation method using ammonia as a chelating agent. All the structures are pure and present single spinel phase after calcinations at 800 °C. The morphology of the particles was quasi-spherical with an average size of the grains about 30-60 nm. The IR spectrum revealed bands related to the inorganic network and characteristic to the spinel structure. The specific surface areas determined by BET surface area measurement were very significant and the surface analysis of this type of catalysts, carried out by X-ray photoelectron (XPS), shown that the surface possesses a moderate Lewis acid character. We have developed a new catalyst Zn 0.9 Ni 0.1 Al 2 O 4 as a new and mild Lewis acid promoter in the multicomponent Biginelli's reaction. Besides its simplicity and mild reaction conditions, this method was effective with a variety of substituted aromatic aldehydes independently of the nature of the substituents in the aromatic ring, representing an improvement to the classical Biginelli's reaction. This new catalyst which has a good chemical stability and relatively persistent catalytic properties will be used to catalyse other multicomponent reactions.
